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Description
FIELD:
[0001] The field of the invention relates to wireless

communication and more particularly to power saving in
wireless communication devices.

BACKGROUND:

[0002] Modem society has quickly adopted, and be-
come reliant upon, handheld devices for wireless com-
munication. For example, cellular telephones continue
to proliferate in the global marketplace due to technolog-
icalimprovements in both the communication quality and
device functionality. These wireless communication de-
vices have become common for both personal and busi-
ness use, allowing users to transmit and receive voice,
text and graphical data from a multitude of geographic
locations. The communication networks utilized by these
devices span different frequencies and cover different
transmission distances, each having strengths desirable
for various applications.

[0003] Cellular networks facilitate wireless communi-
cation over large geographic areas. These network tech-
nologies have commonly been divided by generations,
starting in the late 1970s to early 1980s with first gener-
ation (1G) analog cellular telephones that provided base-
line voice communication, to modem digital cellular tel-
ephones. Global System for Mobile Communications
(GSM) is an example of a widely employed 2G digital
cellular network communicating in the 900 MHz/1.8 GHz
bands in Europe and at 850 MHz and 1.9 GHz in the
United States. This network provides voice communica-
tion and also supports the transmission of textual data
via the Short Messaging Service (SMS). SMS allows a
wireless communications device (WCD) to transmit and
receive text messages of up to 160 characters, while pro-
viding data transfer to packet networks, Integrated Serv-
ices Digital Network (ISDN) and Plain Old Telephone
Service (POTS) users at 9.6 Kbps. The Multimedia Mes-
saging Service (MMS), an enhanced messaging system
allowing for the transmission of sound, graphics and vid-
eo files in addition to simple text, has also become avail-
able in certain devices. Soon, emerging technologies
such as Digital Video Broadcasting for Handheld Devices
(DVB-H) will make streaming digital video, and other sim-
ilar content, available via direct transmission to a WCD.
While long-range communication networks like GSM are
a well-accepted means for transmitting and receiving da-
ta, due to cost, traffic and legislative concerns, these net-
works may not be appropriate for all data applications.
[0004] Short-range wireless networks provide commu-
nication solutions that avoid some of the problems seen
in large cellular networks. Bluetooth™ is an example of
a short-range wireless technology quickly gaining ac-
ceptance in the marketplace. A 1 Mbps Bluetooth™ radio
may transmit and receive data at a rate of 720 Kbps within
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arange of 10 meters, and may transmit up to 100 meters
with additional power boosting. Enhanced Data Rate
(EDR) technology, which is also available, may enable
maximum asymmetric data rates of 1448 Kbps for a 2
Mbps connection and 2178 Kbps for a 3 Mbps connec-
tion. In addition to Bluetooth™, other popular short-range
wireless networks include for example IEEE 802.11 Wire-
less LAN, Wireless Universal Serial Bus (WUSB), Ultra
Wideband (UWB), ZigBee (IEEE 802.15.4 and IEEE
802.15.4a), wherein each of these exemplary wireless
mediums have features and advantages that make them
appropriate for various applications

[0005] The IEEE 802.11 Wireless LAN Standards de-
scribe two major components, a wireless device, called
a station (STA), and a fixed access point (AP) wireless
device. The AP may perform the wireless-to-wired bridg-
ing from STAs to a wired network. The basic network is
the basic service set (BSS), which is a group of wireless
devices that communicate with each other. Aninfrastruc-
ture BSS is a network that has an AP as an essential
node.

[0006] The access point (AP) in legacy IEEE 802.11
Wireless LAN networks must relay all communication be-
tween the wireless devices (STAs) in an infrastructure
BSS. If a STA in an infrastructure BSS wishes to com-
municate a frame of data to a second STA, the commu-
nication must take two hops. First, the originating STA
transfers the frame to the AP. Second, the AP transfers
the frame to the second STA.

[0007] The access point in an infrastructure BSS as-
sists those wireless devices attempting to save power.
Forexample two differentpower states may be supported
by wireless devices. In the awake state the wireless de-
vice is able to transmit or receive frames and is fully pow-
ered, while in the doze state the wireless device is not
able to transmit or receive and consumes very low power.
Inthe active mode wireless device should be in the awake
state all the time and the power save mode where the
STAs alternates between awake and doze states. There
may be further power save modes.

[0008] The legacy IEEE 802.11e Wireless LAN stand-
ards provides for support of low power operation in hand-
held and battery operated STAs, called automatic power
save delivery (APSD). A STA currently in the power sav-
ing mode, will wake up at predetermined times to receive
beacons received from the AP to listen to a traffic indi-
cation map (TIM). If existence of buffered traffic waiting
to be sent to the STA is signaled through the TIM, the
STA mayremain awake and initiate the data transmission
from the AP.

[0009] There is unscheduled automatic power save
delivery (U-APSD) and scheduled automatic power save
delivery (S-APSD) defined. In U-APSD, the access point
is always awake and hence a STA in the power save
mode can send a trigger frame to the AP when the STA
wakes up, to retrieve any queued data atthe AP and also
transmit any data queued from the STA to the AP. In S-
APSD, the AP assigns a schedule to a STA and the STA
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wakes up at the assigned time to retrieve from the AP
any data queued for the STA. An AP can maintain mul-
tiple schedules either with the same STA or with different
STAs in the infrastructure BSS network. Since the AP is
never in sleep mode, an AP will maintain different sched-
uled periods of transmission with different STAs in the
infrastructure BSS network to ensure that the STAs get
the maximum power savings.

[0010] Anextgeneration IEEE 802.11 WLAN standard
is being currently developed as the IEEE 802.11 TGz
standard, which includes the feature of tunneled direct
link setup (TDLS) with channel switching. This feature
enables two wireless devices (STAs) in an infrastructure
BSS to directly exchange frames of data over a direct
data transfer link, without requiring the access point in
the infrastructure BSS to relay the frames. However, the
IEEE 802.11 TGz standard currently under development
does not provide means for multiple STAs to enter into
a power saving sleep mode, since the AP is no longer
available to buffer the frames in the direct data transfer
link between the STAs.

[0011] A publication by Jarkko Kneckt (Nokia): "Peer
Service Period"; IEEE Draft; IEEE-SA Mentor, Piscata-
way, NJ USA, vol. 802.11s, no. 1, 15 January 2008, pag-
es 1-9 discloses triggering of a peer service period be-
tween two wireless peer devices. A first peer device bea-
cons and indicates buffered frames to a second peer de-
vice, and the second peer device triggers the peer service
period by transmitting a frame to the first peer device.

SUMMARY:

[0012] Method, apparatus, and computer program
product embodiments are disclosed to enable power
save modes of operation between wireless devices for
direct data transfer in an infrastructure BSS. The inven-
tion is defined by the independent claims. Embodiments
are defined in the dependent claims.

[0013] The embodiments are an enhancement to the
peer U-APSD power save mechanism. The embodi-
ments provide additional operation for peer U-APSD
mechanism with two STAs operating in power save
mode. The embodiments do not add more complexity to
the peer U-APSD mechanism since the peer traffic indi-
cation (PTI) frame is reused.

[0014] The embodiments enhance the service period
triggering rules, in cases where indication of the buffered
frames is transmitted through the access point. The em-
bodiments include the access category information of the
buffered frame(s) and the number of the buffered frames
in the access category and the sequence number of the
last transmitted frame in the direct link to the PTI frame,
to avoid unnecessary triggering. Further, the embodi-
ments enable the transmissions of the PTI frame to the
peer STA without preconfigured times.

[0015] Alternate embodiments include the timing syn-
chronization function (TSF) time stamp of the PTI frame
creation time in the PTI frame.
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[0016] The embodiments introduce information in a
peer traffic indication frame that is sent via an interme-
diate point (e.g. access point) to a peer STA, which allows
the peer STA to detect duplicated or invalid identifica-
tions. Based on the detection, it is decided if there is a
need for direct communication with the originator STA of
the message. In addition, the embodiments allow both
STAs that are configured for direct communication, to be
in power save mode at the same time.

[0017] As aresult, the sequence number reference or
frame creation time is used in PTI frame may reduce
unnecessary triggering. The embodiments allow both
STAs could be in the power save mode. There is no need
that one STA has to be stay in active mode for direct
communication.

DESCRIPTION OF THE FIGURES:

[0018]

Figure 1is an example signaling diagram of succes-
sive entering into power save mode.

Figure 2 is an example signaling diagram of entering
power save mode in a service period triggered by
station in power save mode.

Figure 3 is an example signaling diagram of entering
power save mode in a service period explicitly re-
quest by station in active mode.

Figure 4 is an example data transmission signaling
diagram with both stations in power save mode.
Figure 5illustrates an example peer traffic indication
frame (Option 1).

Figure 6 illustrates an example peer traffic indication
frame (Option 2).

Figure 7 illustrates an example peer traffic indication
frame (Option 3).

Figure 8 is an example network diagram of an infra-
structure BSS network, with three wireless devices
and an access point, which performs wireless-to-
wired bridging fromthe STAs to a wired infrastructure
network.

Figure 9 illustrates an external view and a functional
block diagram of an example embodiment of the
wireless device.

Figure 10 shows an example direct link setup
Figure 11 illustrates a problem of a peer traffic indi-
cation frame handling.

Figure 12 is an example of operation of the power
save STA1 after it transmits a peer traffic indication
frame.

Figure 13 is an example of peer traffic indication han-
dling when scheduled awake periods are used.
Figure 14 is an example of setting sequence num-
bers for peer traffic indication.

Figure 15 is an example of usage of peer traffic in-
dication frame for wakeup schedule activation.
Figure 16 is an example of power management
modes.
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Figure 17 is an example of a method of the peer
traffic indication transmitter operation.

Figure 18 is an example of a method of the peer
traffic indication receiver operation.

Figure 19 is an example of waiting time interval for
peer traffic indication frames.

DISCUSSION OF EXAMPLE EMBODIMENTS OF THE
INVENTION:

[0019] Method, apparatus, and computer program
product embodiments disclosed herein enable power
save modes of operation between wireless devices for
direct data transfer in an infrastructure BSS. The embod-
iments are an enhancement to the peer U-APSD power
save mechanism. The embodiments provide additional
operation for peer U-APSD mechanism with two STAs
operating in power save mode. There are two power save
mechanisms peer U-ASPD and peer power save (PS)
mechanism. Itis likely that these mechanisms will merge
in the future and peer traffic indication (PTI) principles
will be the same as described here.

[0020] Letusassumethattwo stations STA1and STA2
support Peer U-APSD power save mode and after the
setup of direct link (DL) also known as direct data transfer
link they both want to operate in power save mode. The
example embodiments define new logic to be followed
by the station in active mode to enter power save mode
and describes how frame exchange between two stations
in power save mode is handled.

[0021] If STA2 wants to enter power save (PS) mode
it might transmit a frame with power management (PM)
field set to 1 to STA1. The power management field is in
an exemplary embodiment 1 bit in length and is used to
indicate the power management mode of a STA. The
value of this field remains constant in each frame from a
particular STA within a frame exchange sequence. The
value indicates the mode in which the STA will be after
the successful completion of the frame exchange se-
quence. A value of 1 indicates that the STA will be in PS
mode. A value of 0 indicates that the STA will be in active
mode. This field might be always set to 0 in frames trans-
mitted by an AP.

[0022] The transmission of a frame with PM bit set to
1 from STA2 towards the STA1 should be done while
STA1 is in awake state. Consequently, STA2 transmis-
sion with PM bit set to 1:

1) can directly follow STA1 announcement of enter-
ing PS mode and just before STA1 enters for the first
time into doze state see Figure 1, or

2) can happen within a service period triggered by
STA1 over the direct link see Figure 2, or

3) can happenin a service period explicitly requested
by STA2 via the AP path see Figure 3.

[0023] Figure 1 presents an example situation when
STAT1 first announces its entering into power save mode
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and in the next frame exchange STA2 indicates it also
goes to PS mode. In order for STA2 to indicate that it
wants to enter PS mode it does following things:

+ sets more data (MD) bit to one in acknowledge
(ACK) frame for data frame in which STA1 sets its
PM bit to 1 (to indicate it has still more packets to be
transmitted to STA 1)

+ it sends data or null frame with PM bit set to 1

+ after reception of ACK for it frame with PM bit set
to 1 both stations can go to PS mode.

[0024] Figure 2 presents an example situation when
STA1 entered first PS mode and STA2 wants to enter
PS mode after some time. The procedure that STA2 has
to follow in order to enter PS mode is the same as in the
previous case with successive PS mode entering. End
of session period (ESOP) is identified with EOSP bit set
to 1 via a frame when no further data are buffered. The
null frame contains no data.

[0025] Figure 3 presents an example situation when
STA1 entered first PS mode and STA2 wants to enter
PS mode after some time. In order to enter PS mode
STAZ2 transmits a PTI frame over the AP path indicating
to STA1 it has packets for it. In response to PTI frame
STA1 triggers a service period and so similar logic as in
previous cases applies.

[0026] While both peer STAs in direct link operate in
PS mode each data exchange over the direct link should
be done in a service period requested by one of the sta-
tions over the AP path and triggered by the other station
over the direct link. Additionally, Peer power save mode
(PSM) indication window can be used to reduce the
number of triggering over the AP path as defined in the
802.11z draft 1.0. The exemplary signaling for service
period (SP) initiation is shown in Figure 4. In Figure 4
STA1 wants to send some data to STA2 and in order to
do it, it sends a PTI frame to STA1 over the AP path,
when STA2 receives the packet it sends a trigger frame
to STA1 toinitiate a service period and hence data trans-
mission or data exchange between two stations can fol-
low. The data transmission might include data frames,
null frames or other types of frames.

[0027] Figure 4 presents an exemplary signaling dia-
gram when both stations are in PS mode while using
Peer U-APSD. It shows a usage of PTI frame to start
service period and data transmission.

[0028] The PTI frame should include at least one of
the following elements the access category information
of the buffered frame(s) and the number of the buffered
frames in the access category and the sequence number
of the last transmitted frame in the direct link. Exemplary
embodiments of PTI frame and its elements are shown
in Figure 5 and 6.

[0029] The STA which transmitted the PTI frame
should remainin awake state until it has received a trigger
frame from the target peer STA which is the recipient of
the PTI frame. If the triggering is not performed within
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preconfigured time limit, the peer link may be considered
to be terminated and the frames may be transmitted
through the AP.

[0030] The STA which receives the PTI frame verifies
the received PTI frame. It may calculate the sequence
number of the newest frame which will be transmitted
over direct link and decide if it has already received that
data frame(s) from the transmitting STA or not. If it has
received the indicated frame the PTI frame is identified
as outdated.

[0031] When the target peer STA receives the PTI
frame it should trigger the originator of the frame, unless
it has received a frame with larger or equal sequence
number from the access category from the transmitter of
PTI frame.

[0032] The PTIframe transmission might be triggered
by an implementation of a specific logic. There is no re-
strictions or limits for the shortest duration, for the PTI
indication transmission. The indication should be trans-
mitted, if frames have been buffered over a preconfigured
time limit.

[0033] Another embodimentis to include the TSF time
stamp of the PTI frame creation time to the PTI frame. If
the receiver has triggered later than the time specified in
TSF of the PTI frame, it may ignore the PTI frame. The
Figure 7 shows PTI frame according to another exem-
plary embodiment.

[0034] Figure 5 illustrates an example of a PTI frame.
Order 6 information is the sequence number. The least
significant four octets of the sequence number of the last
transmitted frame in the TDLS link of the highest access
category (AC) which backlogged field was set to non-
zero value. Order 7 information is the number of buffered
MPDUs in the highest AC. The 1 octet field presents the
integer number of buffered frames in the highest AC. If
more than 255 frames are buffered, the field is set to 255.
[0035] Figure 6 illustrates another example PTI frame.
Order 6 information is the sequence number. The least
significant four octets of the sequence number of the last
transmitted frame in the TDLS link of the highest access
category which backlogged field was set to non-zero val-
ue. Order 7 information is the number of buffered MPDUs
in the highest access category. The 1 octet field presents
the integer number of buffered frames in the highest AC.
If more than 255 frames are buffered, the field is set to
255.

[0036] Figure 7 illustrates a further example PTI frame.
Order 6 information is the time stamp field (TSF). The 8
octets TSF field presents the time instant of the PTI frame
creation time.

[0037] Figure 8 is an example embodiment network
diagram of an exemplary infrastructure BSS network 70,
with three wireless devices (STAs) 100A, 100B, and
100C and an access point (AP) 50, which performs wire-
less-to-wired bridging from the STAs 100A, 100B, and
100C to a wired infrastructure network 60. The STAs
100A, 100B, and 100C may operate under the |IEEE
802.11 TGz WLAN standard, which includes the feature
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of direct link setup (DLS). DLS enables the STAs 100A,
100B, and 100C in the infrastructure BSS 70 to directly
exchange frames of data over a direct data transfer link,
without requiring the access point (AP) 50 in the infra-
structure BSS to relay the frames. For example, Figure
8 shows the STAs 100A and 100B directly exchanging
frames of data 120AB and 120BA over the direct data
transfer link 110 according to the IEEE 802.11 TGz
WLAN standard. The access point 50 can, for example,
operate under a legacy WLAN standard, such as the
IEEE 802.11e Wireless LAN standard according to at
least one embodiment. For example, Figure 8 shows the
STA 100C and the AP 50 exchanging frames of data
130DC and 130CD in accordance with the IEEE 802.11e
WLAN standard. In addition to the access point (AP) 50
performing the wireless-to-wired bridging from the wire-
less devices 100A and 100B to the wired infrastructure
network 60, the access point 50 can also relay commu-
nications between the wireless devices 100A, 100B, and
100C in the infrastructure BSS 70..

[0038] Figure Qillustrates an external view and a func-
tional block diagram of an example embodiment of the
wireless device (STA) 100A. The wireless device 100A
may be a communications device, PDA, cell phone, lap-
top or palmtop computer, or the like. The wireless device
100A includes a control module 620, which includes a
central processing unit (CPU) 660, a random access
memory (RAM) 662, a read only memory (ROM) 664,
and interface circuits 666 to interface with the radio trans-
ceiver 608, battery and other power sources, key pad,
touch screen, display, microphone, speakers, ear pieces,
camera or other imaging devices, etc. in the devices
100A, 100B, and 100C. The RAM 662 and ROM 664 can
be removable memory devices such as smart cards,
SIMs, WIMs, semiconductor memories such as RAM,
ROM, PROMS, flash memory devices, etc. The wireless
device 100A includes for example an Internet protocol
stack that includes the user’s application program 600 at
the top, the Transmission Control Protocol (TCP) trans-
port layer 602, and the Internet Protocol (IP) layer 604,
the 802.11 Media Access Control (MAC) layer 606, and
the radio transceiver physical layer 608 at the bottom of
the protocol stack. The 802.11 MAC layer provides func-
tionality to allow reliable data delivery for the upper layers
over the wireless medium. The 802.11 MAC layer uses
the IEEE 802.11 TGz standard, which includes the fea-
ture of direct link setup. The device might support other
upper layer protocols like User Datagram Protocol
(UDP).

[0039] The control module 620, internet protocol stack
layers 602, 604, 606, and/or application program 600 can
be embodied as program logic stored in the RAM 662
and/or ROM 664 in the form of sequences of programmed
instructions which, when executed in the CPU 660, carry
out the functions of the disclosed embodiments. The pro-
gram logic can be delivered to the writeable RAM,
PROMS, flash memory devices, etc. 662 of the wireless
device 100A from a computer program product or article
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of manufacture in the form of computer-usable media
such as resident memory devices, smart cards or other
removable memory devices, or in the form of program
logic transmitted over any transmitting medium which
transmits such a program. Alternately, they can be em-
bodied as integrated circuit logic in the form of pro-
grammed logic arrays or custom designed application
specific integrated circuits (ASIC). The radio 608 in wire-
less device 100A can be separate transceiver circuits or
alternately, the radio 608 can be a single radio module
capable of handling one or multiple channels in a high
speed, time and frequency multiplexed manner in re-
sponse to the control module 620.

[0040] Figure 10 shows an example direct link setup
(DLS). STA2 in power save may trigger the STA1 at any
time. The triggering will initialize a direct link service pe-
riod which is used for data transmission. STA1 may trans-
mit frames directly to STA2 only during a direct link serv-
ice period. STA 1 may use AP as gateway or relay ele-
ment to distribute frames to STA2, i.e. all frames are
transmitted through the AP or it may transmit a peer traffic
indication frame indicating that it has buffered frames and
expects triggering from STA2.

[0041] Figure 11 illustrates a problem of peer traffic
indication frame handling.

[0042] Let's assume the following case:

1. Active STA (STA1) has transmitted a PTI frame
through AP to peer STA (STA2) in power save mode.
2. Peer STA in power save mode decides to trigger
the active mode STA before it gets PTI frame from
AP.

3. Service period between active and power save
peer STAs is performed and finalized.

4. The power saving peer STA gets indication of buff-
ered traffic in AP through the beacon.

5. The power saving peer STA gets PTI from AP

6. Because of the received "old" PTI frame, power
save STA triggers active STA, even when all traffic
is transmitted between the STAs.

[0043] This operation is likely to occur, because bea-
con transmission periodicity could be for example every
100ms and frames delivery through AP may have addi-
tional delays due not optimal access point implementa-
tion,

[0044] Figure 12is an example of operation of the pow-
er save STA1 after it transmits a peer traffic indication
frame. Let's assume the following scenario:

+ STA1 in power save mode (operates in awake
state) has transmitted a PTIl frame through AP to
peer STA2 in power save mode (may operate indoze
state).

+ STA1 remains in awake state and waits for service
period triggering from STA2. (if no triggering occurs
within preconfigured time, STA1 may assume that
TDLS link to STA2 is broken and use AP to forward
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frames between the STAs).

+ STAZ2 ftriggers, a service period is initiated and
STA1 may return to doze state after the completion
of the service period.

[0045] Figure 13 is an example of PTI handling when
scheduled awake periods are used. The same operation
may be performed, if STAs are using wakeup windows
forthe TDLS link. In figure 13 the STA notices that sched-
uled awake period occurs only after very long time. The
STA sends PTI through AP and remains to operate in
awake state. Peer STA triggers the STA that transmitted
PTI frame and after the service period is completed the
transmitter of the PTI frame may return to doze state.
The PTI frame may also be used, if the peer STA fail to
send a trigger frame within the scheduled wakeup win-
dow (due heavy traffic, etc). As described in explanations
for Figure 12, after PTI frame transmission there is no
awake period timeout, during which the triggering should
occur.

[0046] Figure 14 is an example of setting sequence
numbers for PTI. Every node maintains sequence
number set (one sequence number for one Traffic ID,
TID or access category or per access category) for all
links. The sequence numbers provided in peer traffic in-
dication from STA1 to STA2 are the sequence numbers
used in data transmission from STA1 to STA2.

[0047] Figure 15 is an example of usage of PTI frame
for wakeup schedule activation. If a STA1 wants to acti-
vate a direct link and/or a wakeup schedule with a peer
station, STA2, the STA1 should send a PTl frame through
the AP path to STA2. As described with the figure, the
STA1 should remain in awake state to wait for trigger
frame from the STA2. After STA2 has received the PTI
frame, it should send the trigger to request the initiation
of a service period with STA1. The triggered service pe-
riod may be used for a negotiation of the new wakeup
schedule between peer STAs with peer power save
mode (PSM) request and response frames.

[0048] Figure 16 is an example of power management
modes. The STAs may indicate power management
modes separately for each link. For instance STA2 does
not receive frames which are transmitted between STA1
and AP and thus, it has no understanding of the power
management mode used in this link.

[0049] The power management field is for example 1
bit in length and is used to indicate the power manage-
ment mode of a STA. The value of this field remains con-
stant in each frame from a particular STA within a frame
exchange sequence. In case ofa STAinaBSS, the value
indicates the mode in which the station will be after the
successful completion of the frame exchange sequence.
A value of 1 indicates that the STA will be in power save
mode. A value of 0 indicates that the STA will be in active
mode. This field is for example set to 0 in frames trans-
mitted by an AP.

[0050] Figure 17 is an example of a method of the peer
traffic indication transmitter operation. Example steps of
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the method are as follows:

Step 1702: The wireless device (STA) transmits a
peer traffic indication (PTI) frame to a peer station
(STA) via an access point (AP).

Step 1704: The wireless device waits for a trigger
from the peer STA in the awake state.

Step 1706: The wireless device receives a trigger
from the peer STA and initiates a service period.
Step 1708: When the peer service period is termi-
nated, the wireless device may return to a doze state
of the power save mode.

[0051] Figure 18 is an example of a method of the peer
trafficindication receiver operation. Example steps of the
method are as follows:

Step 1802: The wireless device receives a peer traf-
fic indication (PTI) frame.

Step 1804: The wireless device verifies the received
PTI frame to decide if the PTI frame is outdated.
Step 1806: The wireless device sends a trigger via
adirectlink to the peer station (STA), if the PTI frame
is valid.

[0052] Figure 19 discloses an example of waiting time
interval (WTI) for PTI in accordance with at least one
example embodiment of the present invention. In at least
one scenario, the waiting time indication may comprise
at least a time counter maintained by the originator of a
PTI frame specified in, for example, beacon intervals.
The WTI may define the maximum time that the PTI orig-
inator will be in an awake state awaiting the trigger over
the direct link from its peer station. This additional func-
tionality may become especially important when direct
link is operated in the frequency other than the one used
by the AP to which both stations are associated. In ad-
dition, it may be possible to define the wait interval in
terms of an amount of wake-up intervals (e.g., how many
empty wake-up intervals the device waits for triggering).
In at least one example configuration, the signaling for
the maximum wait time may further be performed in direct
link setup signaling so that the same timeout may be
utilized for the entire duration of the direct link.

[0053] The embodiments can be implemented to pro-
vide for power saving at STAs that are peer STAs on a
directdata transfer link thatis operating either inthe same
band as the AP or in a different band.

[0054] Using the description provided herein, the em-
bodiments may be implemented as a machine, process,
or article of manufacture by using standard programming
and/or engineering techniques to produce programming
software, firmware, hardware or any combination there-
of.

[0055] Any resulting program(s), having computer-
readable program code, may be embodied on one or
more computer-usable media such as resident memory
devices, smart cards or other removable memory devic-
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es, or transmitting devices, thereby making a computer
program product or article of manufacture according to
the embodiments. As such, the terms "article of manu-
facture" and "computer program product" as used herein
are intended to encompass a computer program that ex-
ists permanently or temporarily on any computer-usable
medium or in any transmitting medium which transmits
such a program.

[0056] As indicated above, memory/storage devices
include, but are not limited to, disks, optical disks, remov-
able memory devices such as smart cards, SIMs, WIMs,
semiconductor memories such as RAM, ROM, PROMS,
etc. Transmitting mediums include, but are not limited to,
transmissions via wireless communication networks, the
Internet, intranets, telephone/modem-based network
communication, hard-wired/cabled communication net-
work, satellite communication, and other stationary or
mobile network systems/communication links.

[0057] Although specific example embodiments have
been disclosed, a person skilled in the art will understand
that changes can be made to the specific example em-
bodiments without departing from scope of the invention
defined by the appended claims. For instance, the fea-
tures described herein may be employed in networks oth-
er than Wireless LAN networks.

Claims

1. A method for triggering direct data transfer over a
direct link between a transmitting wireless device
and a receiving wireless device, comprising:

transmitting (1702), by a transmitting wireless
device to a receiving wireless device, an indica-
tion for a required direct link service period for
the direct link;

the indication including at least one of access
category information of at least one buffered
frame and a sequence number of a last trans-
mitted frame via the direct link; and

receiving (1706), in the transmitting wireless de-
vice from the receiving wireless device, a trigger
signal based on the indication, the trigger signal
indicating that the next direct link service period
can be started, so that data exchange via the
direct link can be initiated,

characterized in that indication is transmitted
via an access point to which both the transmit-
ting wireless device and the receiving wireless
device are associated.

2. The method of claim 1 wherein the transmitting wire-
less device is in an awake state until the trigger signal
is received via the direct link.

3. The method of claims 1 or 2, wherein if the transmit-
ting wireless device and the receiving wireless de-
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vices are in power save mode with the direct link
deactivated, the direct link is activated by the trans-
mission of the indication.

The method of claims 1, 2 or 3, wherein the trigger
signal is received from the receiving device over the
direct link.

The method of any of claims 1 to 4, wherein the in-
dication includes a time stamp of a frame creation
time for the indication, and if the receiving device
has triggered later than the time specified by the time
stamp, it may ignore the indication.

The method of any of claims 1 to 5, wherein the in-
dication is transmitted in a peer traffic indication
frame.

An apparatus, comprising:

means for transmitting (606, 608, 620), by the
apparatus to a receiving wireless device, an in-
dication for a required direct link service period
for a direct link between the apparatus and the
receiving wireless device;

the indication including at least one of access
category information of at least one buffered
frame and a sequence number of a last trans-
mitted frame via the direct link; and

means for receiving (606, 608, 620) from the
receiving wireless device, a trigger signal based
on the indication, the trigger signal indicating
that the next service period can be started, so
that data exchange via the direct link can be in-
itiated,

characterized in said means for transmitting
are arranged to transmit the indication via an
access point to which both the apparatus and
the receiving wireless device are associated.

The apparatus of claim 7, wherein the apparatus is
configured to operate according to the IEEE 802.11
communication protocol standards.

An apparatus, comprising:

means for receiving (606, 608, 620), from a wire-
less device, an indication for a required direct
link service period for a direct link between the
wireless device and the apparatus;

the indication including at least one of access
category information of at least one buffered
frame and a sequence number of a last trans-
mitted frame in the direct link; and

means for sending (606, 608, 620) to the wire-
less device, a trigger signal based on the indi-
cation, the trigger signal indicating that the next
direct link service period can be started, so that

10

15

20

25

30

35

40

50

55

10.

1.

12.

13.

14.

15.

16.

the wireless device can initiate data exchange
via the direct link,

characterized in said means for receiving are
arranged to receive the indication via an access
point to which both the apparatus and the wire-
less device are associated.

The apparatus of claim 9, wherein the apparatus is
a member of an infrastructure basic service set, and
coordinates entering into a power save mode over
the direct link.

The apparatus of claim 9 or 10, wherein the appa-
ratus is in an awake state until the trigger signal is
received via the direct link.

The apparatus of claim 9, wherein if the apparatus
and the wireless device are in power save mode with
the direct link deactivated, the direct link is activated
by the transmission of the indication.

A method for triggering direct data transfer over a
direct link between a device and a wireless device,
comprising:

receiving (1802), in said device from said wire-
less device via an access point to which both
said device and said wireless device are asso-
ciated, an indication for a required direct link
service period for the direct link;

the indication including at least one of access
category information of at least one buffered
frame and a sequence number of a last trans-
mitted frame via the direct link; and

sending (1806), by said device to the wireless
device, a trigger signal based on the indication,
the trigger signal indicating that the next direct
link service period can be started, so that the
wireless device can initiate data exchange via
the direct link

characterized in that the indication is received
via an access point to which both the device and
the wireless device are associated.

The method of claim 13, wherein the trigger signal
is generated only if the indication is not outdated and
the trigger signal is sent over the direct link.

The method of claims 13 or 14, wherein if the device
and the wireless devices are in power save mode
with a wakeup schedule deactivated, the wakeup
schedule is activated by the transmission of the in-
dication.

The method of claims 13, 14 or 15, wherein the in-
dication coordinates returning from a power save
mode.
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17. The method of any of claims 13 to 16, wherein the

indication includes a time stamp of a frame creation
time for the indication, and if the wireless device has
triggered later than the time specified by the time
stamp, it may ignore the indication.

Patentanspriiche

1.

Verfahren zum Ausldsen einer direkten Datentber-
tragung Uber eine Direktverbindung zwischen einer
sendenden Drahtloseinrichtung und einer empfan-
genden Drahtloseinrichtung, das Folgendes um-
fasst:

Senden (1702) einer Anzeige fiir einen erforder-
lichen Direktverbindungsdienstzeitraum fir die
Direktverbindung durch eine sendende Draht-
loseinrichtung an eine empfangende Drahtlos-
einrichtung;

wobei die Anzeige Zugangskategorieinformati-
onen mindestens eines gepufferten Rahmens
und/oder eine Folgenummer eines zuletzt tber
die Direktverbindung gesendeten Rahmens
enthalt; und

Empfangen (1706) eines Ausldsesignals aufder
Basis der Anzeige von der empfangenden
Drahtloseinrichtung in der sendenden Drahtlos-
einrichtung, wobei das Auslésesignal anzeigt,
dass der nachste Direktverbindungsdienstzeit-
raum gestartet werden kann, derart, dass der
Datenaustausch Uber die Direktverbindung be-
gonnen werden kann,

dadurch gekennzeichnet, dass die Anzeige
Uber einen Zugangspunkt gesendet wird, dem
sowohl die sendende Drahtloseinrichtung als
auch die empfangende Drahtloseinrichtung zu-
geordnet sind.

Verfahren nach Anspruch 1, wobei sich die senden-
de Drahtloseinrichtung in einem aktiven Zustand be-
findet, bis das Auslésesignal Gber die Direktverbin-
dung empfangen wird.

Verfahren nach den Anspriichen 1 oder 2, wobei
dann, wenn sich die sendende Drahtloseinrichtung
und die empfangenden Drahtloseinrichtungen in ei-
nem Energiesparmodus befinden, wobei die Direkt-
verbindung deaktiviert ist, die Direktverbindung
durch das Senden der Anzeige aktiviert wird.

Verfahren nach den Anspriichen 1, 2 oder 3, wobei
das Auslésesignal von der empfangenden Einrich-
tung Uber die Direktverbindung empfangen wird.

Verfahren nach einem der Anspriiche 1 bis 4, wobei
die Anzeige einen Zeitstempel einer Erzeugungszeit
eines Rahmens flr die Anzeige enthalt und die emp-
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fangende Einrichtung die Anzeige ignorieren kann,
wenn sie spater als die Zeit, die durch den Zeitstem-
pel spezifiziert ist, ausgeldst hat.

Verfahren nach einem der Anspriiche 1 bis 5, wobei
die Anzeige in einem "Peer"-Verkehr-Anzeigerah-
men gesendet wird.

Vorrichtung, die Folgendes umfasst:

Mittel zum Senden (606, 608, 620) einer Anzei-
ge fur einen erforderlichen Direktverbindungs-
dienstzeitraum flr eine Direktverbindung zwi-
schen der Vorrichtung und der empfangenden
Drahtloseinrichtung durch die Vorrichtung an ei-
ne empfangende Drahtloseinrichtung;

wobei die Anzeige Zugangskategorieinformati-
onen mindestens eines gepufferten Rahmens
und/oder eine Folgenummer eines zuletzt tber
die Direktverbindung gesendeten Rahmens
enthalt; und

Mittel zum Empfangen (606, 608, 620) eines
Auslésesignals auf der Basis der Anzeige von
der empfangenden Drahtloseinrichtung, wobei
das Ausldsesignal anzeigt, dass der nachste
Dienstzeitraum gestartet werden kann, derart,
dass der Datenaustausch Gber die Direktverbin-
dung begonnen werden kann,

dadurch gekennzeichnet, dass die Mittel zum
Senden ausgelegt sind, die Anzeige Uber einen
Zugangspunkt zu senden, dem sowohl die Vor-
richtung als auch die empfangende Drahtlosein-
richtung zugeordnet sind.

Vorrichtung nach Anspruch 7, wobei die Vorrichtung
konfiguriert ist, gemafl den Standards des Kommu-
nikationsprotokolls IEEE 802.11 zu arbeiten.

Vorrichtung, die Folgendes umfasst:

Mittel zum Empfangen (606, 608, 620) einer An-
zeige fur einen erforderlichen Direktverbin-
dungszeitraum fir eine Direktverbindung zwi-
schen der Drahtloseinrichtung und der Vorrich-
tung von einer Drahtloseinrichtung;

wobei die Anzeige Zugangskategorieinformati-
onen mindestens eines gepufferten Rahmens
und/oder eine Folgenummer eines zuletztin der
Direktverbindung gesendeten Rahmens ent-
halt; und

Mittel zum Senden (606, 608, 620) eines Aus-
I6sesignals auf der Basis der Anzeige, wobei
das Ausldsesignal anzeigt, dass der nachste Di-
rektverbindungsdienstzeitraum gestartet wer-
den kann, derart, dass die Drahtloseinrichtung
den Datenaustausch Uber die Direktverbindung
beginnen kann,

dadurch gekennzeichnet, dass die Mittel zum
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Empfangen ausgelegt sind, die Anzeige Uber ei-
nen Zugangspunkt zu empfangen, dem sowohl
die Vorrichtung als auch die Drahtloseinrichtung
zugeordnet sind.

Vorrichtung nach Anspruch 9, wobei die Vorrichtung
ein Mitglied einer Infrastrukturbasisdienstgruppe ist
und Uber die Direktverbindung das Eintretenin einen
Energiesparmodus koordiniert.

Vorrichtung nach Anspruch 9 oder 10, wobei sich
die Vorrichtung in einem aktiven Zustand befindet,
bis das Ausldsesignal ber die Direktverbindung
empfangen wird.

Vorrichtung nach Anspruch 9, wobei dann, wenn
sich die Vorrichtung und die Drahtloseinrichtung im
Energiesparmodus befinden, wobei die Direktver-
bindung deaktiviert ist, die Direktverbindung durch
das Senden der Anzeige aktiviert wird.

Verfahren zum Ausldsen einer direkten Datentber-
tragung Uber eine Direktverbindung zwischen einer
Einrichtung und einer Drahtloseinrichtung, das Fol-
gendes umfasst:

Empfangen (1802) einer Anzeige fir einen er-
forderlichen Direktverbindungsdienstzeitraum
fur die Direktverbindung Uber einen Zugangs-
punkt, dem sowohl die Einrichtung als auch die
Drahtloseinrichtung zugeordnet sind, von der
Drahtloseinrichtung in der Einrichtung;

wobei die Anzeige Zugangskategorieinformati-
onen mindestens eines gepufferten Rahmens
und/oder eine Folgenummer eines zuletzt tber
die Direktverbindung gesendeten Rahmens
enthalt; und

Senden (1806) eines Ausldsesignals auf der Ba-
sis der Anzeige durch die Einrichtung an die
Drahtloseinrichtung, wobei das Ausldsesignal
anzeigt, dass der nachste Direktverbindungs-
dienstzeitraum gestartet werden kann, derart,
dass die Drahtloseinrichtung den Datenaus-
tausch Uber die Direktverbindung beginnen
kann,

dadurch gekennzeichnet, dass die Anzeige
Uiber einen Zugangspunkt empfangen wird, dem
sowohl die Einrichtung als auch die Drahtlosein-
richtung zugeordnet sind.

Verfahren nach Anspruch 13, wobei das Ausldsesi-
gnal lediglich dann erzeugt wird, wenn die Anzeige
nicht veraltet ist, und das Ausldsesignal Gber die Di-
rektverbindung gesendet wird.

Verfahren nach den Anspriichen 13 oder 14, wobei
dann, wenn sich die Einrichtung und die Drahtlos-
einrichtung im Energiesparmodus befinden, wobei
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ein Aktivierungszeitplan deaktiviert ist, der Aktivie-
rungszeitplan durch das Senden der Anzeige akti-
viert wird.

Verfahren nach den Anspriichen 13, 14 oder 15, wo-
bei die Anzeige das Zurlickkehren aus einem Ener-
giesparmodus koordiniert.

Verfahren nach einem der Anspriiche 13 bis 16, wo-
bei die Anzeige einen Zeitstempel einer Erzeu-
gungszeit eines Rahmens fiir die Anzeige enthalt
und die Drahtloseinrichtung die Anzeige ignorieren
kann, wenn sie spater als die Zeit, die durch den
Zeitstempel spezifiziert ist, ausgeldst hat.

Revendications

Procédé de déclenchement d’un transfert direct de
données sur une liaison directe entre un dispositif
sans fil émetteur et un dispositif sans fil récepteur,
comportant les étapes consistant a :

faire envoyer (1702), par un dispositif sans fil
émetteur a un dispositif sans fil récepteur, une
indication relative a une période requise de ser-
vice de liaison directe pour la liaison directe ;
I'indication comprenant au moins un élément
parmiune information de catégorie d’accés d’au
moins une trame mise en tampon et un numéro
d’ordre d’une derniére trame émise via la liaison
directe ; et

recevoir (1706), dans le dispositif sans fil émet-
teur en provenance du dispositif sans fil récep-
teur, un signal de déclenchement baseé sur l'in-
dication, le signal de déclenchement indiquant
que la période suivante de service de liaison di-
recte peut étre démarrée, de telle sorte qu’'un
échange de données vialaliaison directe puisse
étre amorcé,

caractérisé en ce que l'indication est envoyée
via un point d’accés auquel le dispositif sans fil
émetteur et le dispositif sans fil récepteur sont
tous deux associés.

Procédé selon la revendication 1, le dispositif sans
fil émetteur étant dans un état d’éveil jusqu’a ce que
le signal de déclenchement soit regu via la liaison
directe.

Procédé selon les revendications 1 ou 2, caractéri-
sé en ce que, si le dispositif sans fil émetteur et le
dispositif sans fil récepteurs sont en mode d’écono-
mie d’énergie, la liaison directe étant désactivée, la
liaison directe est activée par I'envoi de l'indication.

Procédé selon les revendications 1, 2 ou 3, le signal
de déclenchement étant recu en provenance du dis-
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positif récepteur sur la liaison directe.

Procédé selon I'une quelconque des revendications
1 a 4, caractérisé en ce que l'indication comprend
un horodatage d’un instant de création de trame pour
indication et en ce que, si le dispositif récepteur
s’est déclenché plus tard que linstant spécifié par
'horodatage, il peut ignorer I'indication.

Procédé selon I'une quelconque des revendications
1 a5, l'indication étant envoyée dans une trame d'’in-
dication de trafic de pairs.

Appareil comportant :

des moyens servant a faire envoyer (606, 608,
620), par I'appareil a un dispositif sans fil récep-
teur, une indication relative a une période requi-
se de service de liaison directe pour une liaison
directe entre I'appareil et le dispositif sans fil
récepteur ;

lindication comprenant au moins un élément
parmi une information de catégorie d’accés d’au
moins une trame mise en tampon et un numéro
d’ordre d’une derniere trame émise via la liaison
directe ; et

des moyens servant a recevoir (606, 608, 620)
en provenance du dispositif sans fil récepteur,
un signal de déclenchement basé sur l'indica-
tion, le signal de déclenchement indiquant que
la période de service suivante peut étre démar-
rée, de telle sorte qu’'un échange de données
via la liaison directe puisse étre amorcé,
caractérisé en ce que lesdits moyens d’envoi
sont agencés pour envoyer l'indication via un
point d’accés auquel I'appareil et le dispositif
sans fil récepteur sont tous deux associés.

Appareil selon la revendication 7, I'appareil étant
configuré pour fonctionner selon les normes du pro-
tocole de communication IEEE 802.11.

Appareil comportant :

des moyens servant a recevoir (606, 608, 620),
en provenance d’un dispositif sans fil, une indi-
cation relative a une période requise de service
de liaison directe pour une liaison directe entre
le dispositif sans fil et I'appareil ;

lindication comprenant au moins un élément
parmi une information de catégorie d’accés d’au
moins une trame mise en tampon et un numéro
d'ordre d’'une derniére trame émise dans la
liaison directe ; et

des moyens servant a envoyer (606, 608, 620)
au dispositif sans fil un signal de déclenchement
basé surl'indication, le signalde déclenchement
indiquant que la période suivante de service de
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liaison directe peut étre démarrée, de telle sorte
que le dispositif sans fil puisse amorcer un
échange de données via la liaison directe,
caractérisé en ce que lesdits moyens de ré-
ception sont agencés pour recevoir I'indication
via un point d’accés auquel I'appareil et le dis-
positif sans fil sont tous deux associés.

Appareil selon la revendication 9, I'appareil faisant
partie d’'une cellule de services de base d’infrastruc-
ture, et coordonne le passage dans un mode d’éco-
nomie d’énergie sur la liaison directe.

Appareil selon la revendication 9 ou 10, I'appareil
étant dans un état d’éveil jusqu’a ce que le signal de
déclenchement soit regu via la liaison directe.

Appareil selon la revendication 9, caractérisé en ce
que, siI'appareil et le dispositif sans fil sont en mode
d’économie d’énergie, la liaison directe étant désac-
tivée, la liaison directe est activée par I'’envoi de I'in-
dication.

Procédé de déclenchement d’un transfert direct de
données sur une liaison directe entre un dispositif et
un dispositif sans fil, comportant les étapes consis-
tanta:

recevoir (1802), dans ledit dispositif en prove-
nance dudit dispositif sans fil via un point d’ac-
cés auquel ledit dispositif et ledit dispositif sans
fil sont tous deux associés, une indication rela-
tive a une période requise de service de liaison
directe pour la liaison directe ;

I'indication comprenant au moins un élément
parmiune information de catégorie d’accés d’au
moins une trame mise en tampon et un numéro
d’ordre d’une derniére trame émise via la liaison
directe ; et

faire envoyer (1806), par ledit dispositif au dis-
positif sansfil, un signal de déclenchement basé
sur l'indication, le signal de déclenchement in-
diquant que la période suivante de service de
liaison directe peut étre démarrée, de telle sorte
que le dispositif sans fil puisse amorcer un
échange de données via la liaison directe,
caractérisé en ce que l'indication est regue via
un point d’accés auquel le dispositif et le dispo-
sitif sans fil sont tous deux associés.

Procédé selon la revendication 13, le signal de dé-
clenchement n’étant généré que si I'indication n’est
pas périmée et le signal de déclenchement étant en-
voyeé sur la liaison directe.

Procédé selon les revendications 13 ou 14, carac-
térisé en ce que, si le dispositif et les dispositifs
sans fil sont en mode d’économie d’énergie, un plan-
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ning de réveil étant désactivé, le planning de réveil
est activé par I'envoi de l'indication.

Procédé selon les revendications 13, 14 ou 15, l'in-
dication coordonnant le retour a partir d'un mode
d’économie d’énergie.

Procédé selon I'une quelconque des revendications
13 a 16, caractérisé en ce que lindication com-
prend un horodatage d’un instant de création de tra-
me pour l'indication et en ce que, sile dispositif sans
fil s’est déclenché plus tard que I'instant spécifié par
'horodatage, il peut ignorer I'indication.
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